At the time of this research, there were only two insecticides registered for control of cabbage maggot, Delia radicum L., in rutabaga in Canada, one of which (diazinon) will be deregistered by 2017, and resistance having been reported in some areas for the other (chlorpyrifos). To screen for chemistries to replace these organophosphates, and obtain efficacy data comparable between key vegetable brassica production areas in Canada, four small plot field studies were conducted concurrently in British Columbia, Saskatchewan, Ontario, and Quebec in 2009. These studies followed standardized protocols for seeding, application of insecticide drenches, sampling and damage assessment, and generally tested the same products. Of the insecticides evaluated, none provided maggot control comparable with the industry standard, chlorpyrifos. However, cyantraniliprole (Cyazypyr 200SC; registered in 2015 as Verimark) applied at 3 g AI (15.0 ml product)/100 m row of seeded rutabagas consistently provided the next highest reduction in % culls, suggesting the efficacy of this chemical may be improved if used at higher rates. The results of these studies are discussed in the context of current literature on D. radicum management in rutabaga. Future management strategies are also discussed, including a transplant plug treatment approach for increasing the dosage per plant and efficacy of chemistries such as Cyazypyr 200SC in the field.
The critical need in Canada and elsewhere for alternatives to the currently used OPs has prompted the evaluation of lower risk insecticide chemistries for cabbage root maggot control (e.g., Joseph and Zarate 2015) . In Canada, various pyrethroid (i.e., bifenthrin, lambda cyhalothrin); neonicotinoid (i.e., clothianidin, thiamethoxam, imidacloprid); and other insecticides (i.e., spinosad, spirotetramat, cyantraniliprole) have been examined either singly or in combination in conjunction with one or more application methods, including seed treatments, field drenches, and foliar applications (R.S.V. and J.H.T., unpublished data). The results of these efficacy studies have been quite variable, however, and it was suggested at an Agriculture and Agri-Food Canada-sponsored cabbage root maggot strategy meeting (held in Ottawa, Ontario, March 2009) that this variability can be reduced by harmonizing field efficacy study protocols between research sites. In response, a national protocol for screening candidate insecticide drenches against cabbage root maggot attacking rutabaga was developed through a consensus of cabbage root maggot researchers across Canada. The protocol, described below, was structured so as to help determine the length of time various insecticide drenches will control cabbage root maggot populations and reduce associated damage to industry acceptable standards. This paper reports on cabbage root maggot efficacy trials conducted across Canada in 2009 using this standardized protocol.
Materials and Methods

Study Locations, Plot Preparation, and Seeding
Four coordinated field efficacy studies were conducted in 2009, including sites near Chilliwack, British Columbia (BC); Saskatoon, Saskatchewan (SK); London, Ontario (ON); and L'Assomption, Quebec (QC). These four sites used a harmonized national efficacy protocol which required plots to be direct seeded at a time when cabbage root maggot pressure was anticipated to be high at the time of crop emergence. Treatment plot length and row spacing were left up to the individual researchers involved in these studies, provided that these reflected common grower practice in the province, that the amount of active ingredient (AI) applied per 100 m of row was consistent among research sites, and that the spacing of consecutive rutabaga plants within rows was 12-15cm.
Plot Preparation: BC The study in BC was conducted in the Sumas Prairie region of the Fraser Valley (49.059189 N, 122.096901 W) , at a site characterized by sandy loam soil. The area had been in continuous production of vegetable crops for at least 20 yr, with brassica crops grown on the site and in fields nearby in 2009 and in previous years.
The test site was prepared by the grower by rotovation and shaping of seedbeds in late April, and was seeded on 3 May. The trial consisted of two parallel 100-m-long beds spaced 1 m apart, with each bed containing three rows of rutabaga spaced 0.45 m apart. Each bed contained two successive replicates containing nine treatments in a randomized complete block design (RCBD; n ¼ 4 replicates). Treatment plots were 3 rows wide and 4.5 m long and separated from each other by a 1-m buffer of untreated rutabagas. Plots were kept weed free by hand weeding.
Plot Preparation: SK The trial in SK was conducted at the University of Saskatchewan Horticulture Field Research Station (52.12847 N, 106.6158 W) in Saskatoon. This site has been in continuous production of vegetable crops for the past 20 yr, a situation representative of most smallscale vegetable farms in SK, and featured a Sutherland Series clay loam soil, high in most required nutrients and requiring only limited fertilizer applications each year. The trial site was protected by a well-established shelter-belt system, and due to repeated cropping to cruciferous vegetables and the presence of commercial canola fields, had developed substantial populations of cabbage root maggot. These high populations made the successful production of long-season root crops like turnip and rutabaga virtually impossible, even with repeated applications of chlorpyrifos.
The test site was prepared by rotovating in early May, and seeded in early June. Seeding was about 3 wk later than normal for rutabagas in SK in 2009, due to extremely cold and dry growing conditions in May and June. The delay in planting, however, had little impact on crop development. These cooler weather conditions likely delayed the development of cabbage root maggot populations as well. Rutabagas were seeded in rows spaced 60 cm apart with each treatment consisting of two adjacent rows of rutabaga, and each treatment replicated four times in an RCBD. Rows were hand thinned soon after emergence and the plot kept weed free by handweeding throughout the growing season. Overhead irrigation was used to maintain optimum soil moisture levels throughout the growing season. Phytotoxicity and pests other than cabbage root maggot were not observed, the cool weather throughout the 2009 growing season reducing the need to spray for crucifer flea beetles, Phyllotreta cruciferae (Goeze) (Coleoptera: Chrysomelidae). clay, 3.6% organic matter). A block of rutabagas (10 rows by 55 m) was seeded on 6 May at 1-m row spacing, and single row, 10-mlong plots established on 21 May. All treatments were replicated four times in an RCBD, with replicates separated by 1.5 m untreated buffer areas from which all plants were removed.
No phytotoxicity was observed, but lambda cyhalothrin (Matador 120EC, 13.1% AI; 50 ml/ha) was applied as a foliar spray to the entire block on 22 May to control a crop-threatening population of crucifer flea beetles. In an attempt to increase cabbage root maggot pressure in the plots, 300 and 800 adult flies (a nonresistant colony reared at SCPFRC) were released on 12 and 23 June (respectively) as uniformly as possible across all four replicates.
Plot Preparation: QC The QC trial was conducted on a crucifer production farm (45.833 N, 73.767 W) in St-Lin-Laurentides, Quebec, 40 km north-east of Montreal, on a site characterized by loamy soil. The farm had produced crucifers in a 4-yr rotation system for over 30 yr, and had a history of annual cabbage root maggot damage. The trial was seeded on 6 May. Each treatment plot consisted of four rows spaced 75 cm apart and 15 m long, all treatments were replicated four times in an RCBD, and a 2-m buffer zone was established between replicates.
Insecticides Evaluated and Application Protocol
The following insecticides were evaluated as drench treatments: chlorpyrifos (Lorsban 4E, 44 To help determine the length of time various insecticide drenches will control cabbage root maggot populations and reduce associated damage to industry standards, it was decided that three drenches of each of the above insecticides be applied at 14-d intervals, beginning at the first well-developed true leaf stage (or earlier if eggs were found near the seedlings) to ensure there was no root feeding prior to drench applications. Sampling for cabbage maggot damage was to be conducted by harvesting 10-20 consecutive rutabaga plants 13 d after each drench application, and a final harvest 14 d after the third sample (i.e. 27 d after the third and last drench application).
Insecticide Application
At all four sites, the first drench was applied when seedlings had reached the first well-developed true leaf stage, i.e., 21 May (BC), 27 June (SK), 25 May (ON), and 4 June (QC). Subsequent drenches were applied $14 d after the previous one (Tables 1-4). All drenches were applied in the late afternoon at 210 kPa in 10.0 liter water/100 m row, in a 10-15-cm-wide band centred on the row, using handheld, CO 2 -pressurized, R&D plot sprayers with Teejet 8002VS (BC), 80-08 flood (SK), 6508E flat spray (ON), and 4008E (QC) nozzles. The amount of active ingredient applied per 100 m of row was based on the closest row spacing used in Canada (i.e. 60 cm, common in ON; other provinces use 75 and 90 cm). As maximum application rates are stipulated in AI/ha, basing rate calculations on the closest row spacing causes the lowest amount of chemical to be applied per row, and therefore represents the worst case scenario. In SK, the Conserve SC and Movento 240SC treatments were applied to the foliage as a spray using standard hollow cone nozzles, with the application rate based on spraying a 4.5-by 1.8-m bed containing three rows spaced 45 cm apart, with 90 cm between nearest rows in adjacent beds.
Insecticide Efficacy Evaluation
The protocol called for four evaluations of plant damage, the first three 13 d after the last insecticide application, and the final harvest 27 d after the final application. For each assessment, 10-20 consecutive rutabaga plants per treatment plot were removed and graded. For each study the semiquantitative grading method of Dosdall et al. (1994) was used for the first assessment and the quantitative grading system of King and Forbes (1954) for the final assessment. Study participants were free to use either the Dosdall et al. or King and Forbes grading scales for the second and third assessments. According to Dosdall et al., a score of 0 ¼ no root damage, 1 ¼ <10% of the root surface has cabbage root maggot feeding channels, and 2-5 ¼ 11-25, 26-50, 51-75, and 76-100% (respectively) of the taproot surface area damaged. According to King and Forbes' grading system for market-sized rutabaga, a score of 0 ¼ no cabbage root maggot feeding damage, 1 ¼ superficial but healedover early feeding damage that leaves a marketable root, 2 ¼ limited surface damage to the top of the rutabaga, or more extensive injury to the bottom, either of which is removable with limited trimming 
Mean ( 
Mean (SEM) damage scores (MDS) and percent culls are based on four 10-plant samples. Plant roots were graded according to the method of Dosdall et al. (1994) (D, samples 1-3) or King and Forbes (1954) (KF, final harvest) . A cull is any plant scored #2 and over.
a Rate-amount of product, applied per 100 m row in 10 liter water unless otherwise noted; NT-not treated.
b Numbers in column followed by the same letter are not significantly different (P > 0.05). 
Mean (SEM) damage scores (MDS) and percent culls are based on four 5-plant samples when plant roots were graded according to the method of Dosdall et al. (1994) (D, samples 1-2), and on four 8-10-plant samples when roots were graded according to King and Forbes (1954) (KF, sample 3, final harvest). A cull is any plant scored #2 and over. Note that Brigade 2EC is equivalent to Capture 2EC.
a Rate-amount of product applied per 100 m row in 10 liter water; NT-not treated.
b Numbers in column followed by the same letter are not significantly different (P > 0.05).
c Products used singly in succession on spray dates 1-3, respectively.
and yields a marketable second-grade root, and 4 ¼ severe injury that leaves an unmarketable root regardless of trimming. Where possible, standing plants were assessed for signs of phytotoxicity, and the presence of eggs and larvae associated with the plants being harvested recorded. For each sampling date, mean damage scores (MDS) were calculated per sample, and these were used to calculate mean (SEM) damage scores per treatment. Plants that scored as 2 or higher on either the Dosdall et al. or King and Forbes scales were considered culls. Plant damage scores and proportion culls were compared among treatments using ANOVA followed by Tukey's mean separation (SAS Proc GLM, SAS 9.2). The proportion of culls was multiplied by 100 and reported as % culls in Tables 1-4 . While there was variability in which grading method was used for the second and third assessments (as noted in Tables 1-4), the scale of Dosdall et al. (1994) was used for the first, and that of King and Forbes (1954) for the final assessment in all studies (see Tables 1-4) .
At each site the efficacy of the drench applications was evaluated $2 wk after each application, notably on 4 and 17 June, and 2 July in BC; 8 and 23 July, and 7 August in SK; 1 and 22 June, and 6 July (ON); and 17 June, and 2 and 20 July (QC). The final assessment was done on 16 July (BC), 25 August (SK), 20 July (ON), and 3 August (QC) (28, 32, 28, and 30 d after the last insecticide application, respectively). There was some variability between sites and dates in how plants were selected, with either 5 (ON) or 10 (BC, SK, QC) plants being sampled on the first two dates, and 8-10 (ON), 10 (BC, SK) or 18-20 (QC) for the last two dates. In ON, plants with roots <1.0 cm, and <3.0 cm in diameter were not included in the second and third assessments, respectively. Sampled plants were adjacent to each other in either one (BC, ON, QC) or two (SK) rows of the treatment beds (see Tables 1-4) . For all assessments, roots were rinsed free of soil prior to damage evaluation.
Results and Discussion
General Observations
Cabbage root maggot damage ranged from low (QC) to very high (BC, SK), and at all sites and for nearly all treatments, increased as the season progressed (Fig. 1) . This increase likely reflects both a progressive accumulation of maggot damage and the expansion of the damaged areas as the roots grew. In SK, for example, the majority of the rutabagas were unmarketable by the time of the final harvest due to large scars resulting from damage done at an early stage in the crop's development, and/or from rot resulting from diseases that accessed the roots damaged by root maggot feeding. This indicates thorough cabbage root maggot control early in the crop's development is essential. It was also noted in the SK study that feeding damage was predominantly located where the feeder roots began-about 2.5 cm below the soil surface for the first sampling. This could be due to maggot preference for younger feeder roots and moister, cooler soil conditions found deeper in the soil, or to the dissipation of the control products deeper in the profile.
BC Results
Virtually no damage was evident at the time of the first sampling in any of the treatments, with the MDS < 1.0 and % culls < 10 ( Fig. 1;  Table 1 ). Considering the high damage in most insecticide treatments later in the season, this may indicate that there was low cabbage root maggot activity between the time of the first spray and the first sampling. 
Mean (SEM) damage scores (MDS) and percent culls are based on four 10-plant samples for samples 1 and 2, and on four 18-20-plant samples for sample 3 and the final harvest. Plant roots were graded according to the method of Dosdall et al. (1994) (D, samples 1-3) or King and Forbes (1954) (KF, final harvest). A cull is any plant scored #2 and over.
Considerable damage was evident at the time of the second sampling, with MDS > 2.0 and % culls > 50 in all treatments except the high rate of Cyazypyr 200SC (15.0 ml) and Lorsban 4E ( Fig. 1 ; Table 1 ). The significantly lower damage in these treatments than in the control and most other treatments suggested that both chemicals provided protection against a high population of cabbage root maggot. Comparison of MDS and % culls indicated that the high rate of Cyazypyr 200SC was nearly twice as effective as the low (10.0 ml) rate (Table 1) .
A very high degree of damage was evident in the third sample, with MDS > 3.0 and % culls > 85 in all treatments except Lorsban 4E, which also exhibited increased damage (MDS ¼ 1.9, % culls ¼ 50). These results again indicate very high cabbage root maggot pressure and the ineffectiveness of all the chemicals at the rates and spray intervals tested. The results of the final sample, where MDS > 3.0 and % culls ! 75 in all treatments, support this conclusion.
It appears from these results that at a high pressure of cabbage root maggot, Cyazypyr 200SC (15.0 ml rate) and Lorsban 4E are the most promising insecticides for reducing damage, provided sprays are applied at shorter intervals than the 14-d interval in this study. The breakdown of the effectiveness of Lorsban 4E may reflect the fact that cabbage root maggot in this area of BC have developed resistance to chlorpyrifos (R.S.V., unpublished data). Clutch 50WDG, Capture 2EC, Matador 120E, and Movento 240SC were ineffective in controlling root maggot when applied at the rates and spray intervals tested.
SK Results
Cabbage root maggot damage was apparent at the time of the first sampling in all treatments, with the MDS >1.0 and % culls > 30 in the control plots and plots treated with Conserve SC and Movento 240SC ( Fig. 1; Table 2 ). This, and the presence of eggs in the soil around the roots, indicates considerable root maggot presence at the onset of the trial. Damage was lowest in the Lorsban 4E and Matador 120E treatments, with MDS < 0.5 and % culls ¼ 0.0. Cyazypyr 200SC provided some protection at both rates tested, but in both the reduction in MDS or % culls from the control treatment was not statistically significant due to variability within treatments (Table 2) .
Considerable damage was evident at second sampling, with MDS > 2.0 and % culls > 50 in all treatments except Cyazypyr 200SC (15.0 ml rate) and Lorsban 4E (Table 2 ). These results are very similar to those reported for the BC study, again suggesting that only these chemicals provide protection against high cabbage root maggot pressure. As in the BC trial, comparison of MDS and % culls indicated that the high rate of Cyazypyr 200SC was more effective than the low (10 ml) rate, though the increase in protection was not as pronounced. Unlike the BC trial, there was a small but not significant increase in protection when plots were sprayed twice rather than once with Clutch 50WDG (Table 2) .
A very high degree of damage was evident in the third sample, with MDS > 2.5 and % culls ! 90 in all treatments except Lorsban 4E (Table 2) . While this result is again similar to the BC study, the damage observed in the Lorsban 4E treatment remained relatively low (MDS ¼ 0.8, % culls ¼ 17.5), and significantly less than the other treatments (Table 2 ). This likely indicates that the cabbage root maggot population at this study site was not resistant to chlorpyrifos. It is notable that most of the maggot damage observed at this time was old and healed over, and that pupae were found near the sampled plants.
Similar results were obtained in the final sample, with MDS ! 2.5 and % culls ! 80 in all treatments except Lorsban 4E (MDS ¼ 0.9, % culls ¼ 25.0). Together these results again suggest that under high cabbage root maggot pressure Clutch 50WDG, Capture 2EC, Matador 120E, Conserve SC, and Movento 240SC were largely ineffective at adequately controlling cabbage root maggot when applied at the rates and spray intervals tested. Cyazypyr 200SC (15.0 ml), although providing significant control up to the second sample, was ineffective thereafter.
ON Results
Virtually no damage was apparent at the time of the first sampling in all treatments, with the MDS < 0.5 and % culls < 10 in all treatments, suggesting very little cabbage root maggot activity between the first spray and first sampling (Table 3) . Similarly, little damage was apparent at the time of the second sampling in all treatments, with the MDS < 1.0 and % culls < 20 in all treatments (control treatment: MDS ¼ 0.6, % culls ¼ 18.0; Table 3 ). Although both the MDS and % culls were numerically lowest in the Cyazypyr 200SC (15.0 ml rate) and Pyrinex 480EC and Clutch 50WDG (two applications) treatments, these were not statistically different from the control treatment (Table 3) .
Considerable damage was apparent in the third assessment, with MDS ¼ 1.6 and % culls ¼ 42.0 in the control treatment. A slightly higher amount of damage was recorded in plots treated with Clutch 50WDG (one spray) and Actara 240SC, suggesting that the latter chemical gave no protection for cabbage root maggot even at low pest pressure. Both MDS and % culls scores were again lowest in the Pyrinex 480EC treatment, but not significantly lower than in the control treatment. Unlike the BC and SK trials, applying Clutch 50WDG 2 wk before the third sample gave much better protection than when the chemical was only applied once at the beginning of the season, suggesting that the chemical may be effective when the root maggot pressure is low, but is not likely able to give protection for 14 d. Also unlike the BC and SK trials, bifenthrin appeared to provide some protection, both when applied three times, or when applied as the third spray (after Clutch 50WDG (first spray) and Cyazypyr 200SC (second spray), respectively; Table 3 ).
Pyrinex 480EC again gave the best, but limited protection in the final sample (MDS ¼ 1.2, % culls ¼ 35.0), followed by Cyazypyr 200SC and Brigade 2EC (Table 3) . None of these chemicals provided adequate control of cabbage root maggot. Surprisingly, damage in plots treated three times with Clutch 50WDG had more damage than those treated only once at the beginning of the trial, suggesting that this chemical is ineffective at the rates and spray intervals tested, even with moderate or low cabbage root maggot pressure.
QC Results
As in the ON study, virtually no damage was apparent at the time of the first assessment in all treatments, with MDS 0.5 and % culls 10 in all treatments, suggesting low cabbage root maggot activity between the first spray and first sampling (Table 4 ). The percentage of plants in each treatment affected by root maggots ranged from 2.5 to 12.5%.
Even though more plants were affected by root maggots at the time of the second assessment (range: 25-60% plants with some damage per treatment), there still was little serious damage apparent. The highest MDS occurred in plots treated with Movento 240SC, Delegate WG, and Clutch 50WDG (one spray) and the highest % culls in plots treated with Movento 240SC and Clutch 50WDG (one spray; Table 4), suggesting these chemicals were ineffective at controlling cabbage root maggot. As observed in the other trials, Cyazypyr 200SC and Lorsban 4E provided the greatest control, though the MDS and % culls scores (Table 4) were not significantly lower than in the control treatment.
Low MDS and % culls in the third assessment again suggested relatively low cabbage root maggot activity, though up to 72.5% of plants sampled per treatment were attacked by root maggots (Table  4) . While Lorsban 4E and Cyazypyr 200SC again provided the best control, MDS and % culls scores were again not significantly lower than in the control treatment. Except for Clutch 50WDG (applied 3Â), none of the other chemicals appeared to provide protection.
Cabbage root maggot activity still appeared to be relatively low at the final harvest despite up to 85% of plants in some treatments showing some damage, but no chemical provided acceptable control at the rates and spray intervals tested. There was a considerable (though not statistically significant) reduction in the % culls in both plots treated with Lorsban 4EC and Cyazypyr 200SC (Table 4) . A notable reduction in % culls was also observed in plots treated with Capture 2EC and Clutch 50WDG (three applications). The fact that these four treatments have low MDS scores (1.0-1.2) despite having 33-63% culls shows that a considerable proportion of rutabagas in a sample may be culled even with relatively low mean damage scores on the Dosdall et al. or King and Forbes scales. Delegate WG, Capture 2EC, and Movento 240SC appeared ineffective for cabbage root maggot control at the rates and spray intervals tested (Table 4) .
Overall Insecticide Evaluation
Comparison of the various chemicals evaluated at all four sites (Fig.  1) shows that of all the insecticides tested as drench applications, the chlorpyrifos standard (Lorsban 4E and Pyrinex 480EC formulations) consistently provided the highest levels of maggot damage control. At all four sites, Cyazypyr 200SC provided the next highest reduction in % culls at the highest rate tested (15.0 ml ¼ 3 g AI/100 m row; Fig. 1 ), but did not provide enough maggot damage protection to suggest it would be a suitable replacement for chlorpyrifos at the rates and spray intervals tested (i.e. three consecutive 14-d applications).
While it is probable that a higher rate of Cyazypyr 200SC would provide improved control, the maximum amount of Cyazypyr 200SC that can be applied in Canada is 450 g AI per ha (¼ 4.5 g AI/ 100 m row, if rows are spaced 1 m), with only one application per growing season allowed at that rate. From the results presented herein, where Cyazypyr 200SC appeared to be most effective earlier in the growing season, it is likely that a one time application of this product at the maximum allowable rate/ha could be used as either the first or second drench to replace one of the routine Lorsban 4 E applications. The duration of protection of Cyazypyr 200SC at a higher rate would need to be determined. The addition of another effective insecticide for cabbage root maggot would help allay the buildup of resistance to chlorpyrifos.
Another approach to increasing the effectiveness of Cyazypyr 200SC for control of early season cabbage root maggot damage would be to apply it to transplant plugs, particularly in areas (e.g. BC) where rutabagas are commonly grown from transplants rather than direct seeding early in the growing season. Since the surface area of transplant plugs occupy only about 3% of the surface area that would be treated with a field drench, one could treat these transplants just before planting with much higher doses of Cyazypyr 200SC per plant than achievable using traditional field drenches. A major advantage of this approach is that the insecticide can be applied to the exact area required (i.e. where root maggot eggs are laid), and enough water can be applied to carry the insecticide deeper into the transplant core than is possible with conventional drenches in the field. Cyazypyr 200SC is a good candidate for transplant plug treatment due to its low mammalian toxicity and low risk to farmworkers.
Although there may be some promise with applying moderately effective chemicals such as Cyazypyr 200SC to transplants, there remains the ongoing need to develop effective treatments for direct seeded brassicas to replace chlorpyrifos, in particular to control later-season cabbage root maggot damage. None of the other chemicals tested in our studies appear promising (Fig. 1) , but future studies should consider chemistries identified in recent laboratory studies as highly effective against D. radicum, e.g., tolfenpyrad (Joseph and Zarate 2015) . However, other insecticides identified as highly effective by these authors included bifenthrin and clothianidin, neither of which was effective in our field studies (Fig. 1) . As Joseph and Zarate (2015) point out, their laboratory assays prevented insecticides from leaching from the soil, as would occur in the field, and their results likely indicated higher insecticide efficacy than would be observed in the field. These authors also demonstrated that pyrethroid insecticides cause rapid induction of morbidity in D. radicum larvae, and that morbidity induced by exposure to neonicotinoids was more gradual but sufficient to prevent their feeding. Responses to these chemistries are similar to what has been observed for various wireworm species (e.g., Vernon et al. 2008 , van Herk et al. 2015 , but whether cabbage root maggots are similar to wireworms in their ability to recover from insecticide-induced morbidity in the field remains to be determined (Ba zok et al. 2012) .
Other chemicals evaluated by Joseph and Zarate (2015) included spinosad and spinetoram (listed by them as moderately effective), and spirotetramat (low efficacy), none of which provided protection in our studies (Fig. 1 ). Spinosad's low efficacy may be due in part to application method, as the chemical has been shown to be effective against D. antiqua in onion when used as a seed treatment (Wilson et al. 2015) . Of note is that Joseph and Zarate (2015) report cyantraniliprole as twice as toxic to D. radicum larvae 30 d after it was applied to the soil than at 1, 3, 7, and 14 d after application, and it would be useful to determine how the toxicity of this chemical changes over time when applied as a drench under field conditions.
Alternative Strategies and Future Work
Following the protocol described above can leave the rutabaga crop unprotected for a considerable period of time at the end of the growing season, especially where rutabagas are harvested late (e.g. early October in SK) to take advantage of the cooler weather producing higher sugar accumulations. This period of limited protection can coincide with the development of huge populations of second-or third-generation cabbage root maggots, which typically cause the worst losses in commercial rutabaga and cabbage crops. In such situations, it would be advisable to add a fourth application date to the protocol, provided this application coincides with the product's preharvest limit. Successfully applying this product to the plant roots, however, would be complicated by the extensive plant canopy development at this time.
In areas where planting is typically done over a long period (e.g. early May to late June in Manitoba; Bracken 1988) , the number of sprays may be reduced by planting later in the season. This potentially avoids the first generation of cabbage root maggot, and reduces the duration the crop is exposed to feeding damage. Planting later in the season has been shown to decrease damage rates (Dalthorp and Dreves 2008) , and need not cause a reduction in yield. The latter was demonstrated by the results from the SK study, where the 2009 crop was planted three weeks later than normal and still reached marketable size by late August.
The number of sprays that need to be applied will also depend on the number and emergence patterns of cabbage root maggot generations, which range from 2 in Newfoundland to 3 or 4 in southern ON and BC (Nair and McEwen 1975, Dixon et al. 2014) . The emergence pattern of the first generation is typically bimodal, with the relative number of early and late-emerging genotypes varying among provinces (Dreves et al. 2006 , Lepage et al. 2014 . The presence of multiple biotypes can cause overlapping generations, further complicating cabbage root maggot management (e.g. timing of insecticide applications; Dixon et al. 2014) .
Finally, while root maggot damage to rutabaga is primarily associated with D. radicum, other Delia species such as D. platura (Meigen), D. floralis (Fallen), D. planipalpis (Stein), and D. florilega (Zetterstedt) are also commonly found in fields exhibiting cabbage maggot damage (Brooks 1951 , Dixon et al. 2014 . While D. platura is considered saprophagous, and not a primary pest (Finch 1989) , the economic importance of each of these species to rutabaga production is unclear, in part because there is limited information about their regional distribution in Canada, and because they may function as secondary pests of crops (e.g. where the primary damage is caused by D. radicum). The prevalence and damage potential of these other Delia species in rutabaga crops is relevant to IPM decision-making and therefore merits further research. Such research should also consider integration of chemical with nonchemical management approaches to management of these flies, e.g., row covers and exclusion fences Mackenzie 1998, Blackshaw et al. 2012) .
